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Abstract 

Using available astrometric and radial velocity data, the space velocities of cata- 
clysmic variables (CVs) with respect to Sun were computed and kinematical prop- 
erties of various sub-groups of CVs were investigated. Although observational errors 
of systemic velocities (7) are high, propagated errors are usually less than computed 
dispersions. According to the analysis of propagated uncertainties on the computed 
space velocities, available sample is refined by removing the systems with the largest 
propagated uncertainties so that the reliability of the space velocity dispersions was 
improved. Having a dispersion of 51 ± 7 km s _1 for the space velocities, CVs in 
the current refined sample (159 systems) are found to have 5 ± 1 Gyr mean kine- 
matical age. After removing magnetic systems from the sample, it is found that 
non-magnetic CVs (134 systems) have a mean kinematical age of 4 ± 1 Gyr. Ac- 
cording to 5 db 1 and 4 ± 1 Gyr kinematical ages implied by 52 ± 8 and 45 ± 7 
km s _1 dispersions for non-magnetic systems below and above the period gap, CVs 
below the period gap are older than systems above the gap, which is a result in 
agreement with the standard evolution theory of CVs. Age difference between the 
systems below and above the gap is smaller than that expected from the standard 
theory, indicating a similarity of the angular momentum loss time scales in systems 
with low-mass and high-mass secondary stars. Assuming an isotropic distribution, 
7 velocity dispersions of non-magnetic CVs below and above the period gap are cal- 
culated cr 7 = 30 ± 5 km s _1 and a 7 = 26 ± 4 km s . Small difference of 7 velocity 
dispersions between the systems below and above the gap may imply that magnetic 
braking does not operate in the detached phase, during which the system evolves 
from the post-common envelope orbit into contact. 
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1 Introduction 



Cataclysmic variables (hereafter CVs) are short-period interacting binary stars 
consisting of a white dwarf primary and low-mass secondary which overflows 
its Roche lobe and transfers matter to the white dwarf usually via a gas stream 
and an accretion disc. A bright spot is formed in the location where the mat- 
ter stream impacts on the accretion disc. However disc formation is prevented 
in systems with strongly magnetic primaries. Nevertheless mass transfer con- 
tinues through channe ls as accretion flow s. For compreh ensive reviews of the 
properties of CVs, see IWarnerl (119951 ) and iHeUierl (120011 ). 



According to standard CV formation and evolution scenario, CVs are formed 
from much wider -detached- main-sequence binaries with orbital periods typi- 
cally 10-1000 d of the pairs with large mass ratios; secondaries being less than 
a solar mass, but the primaries are more massive (Mi ~ 1 — 9M ). The pri- 
mary star evolv e s in a nuclear time scale of roughly t nuc ~ lO lo (Mi/M ) -3 yr 
(iKolb k Stehlel . 1 19961 : iHellierl . l200lh . When the primary fills its Roche lobe, 
dynamically unstable mass transfer leads to a common envelope (CE) phase 
during which dynamical friction extracts orbital angular momentum to eject 
the envelope of the giant. The time spent in common envelope phase is very 
short compared to other phases of the evolution, of the order of 10 3 — 10 yr. 
After the CE phase, system finds itself in a new detached phase called post 
common envelope phase or pre-CV state; the secondary component is still a 
main-sequence star, while the primary component has been changed to a white 
dwarf. This detached system approaches a semi-detached state by either the 
nuclear expansion of the secondary, or by shrinking orbit due to the loss of 
orbital angular momentum by gravitational radiation and magnetic braking. 
During the post-CE phase, the orbit shrinks from the post-CE period of about 
0.1-10 d to the orbital period P ~ 9(M 2 /M ) h at the onset of mass transfer 
as a CV. The post-CE phase can be very short if t he system emerges fro m the 
CE phase at almost semi-detached configuration (IKolb fc Stehlel . Il996l ). 



The standard scenario proposed for the evolution of CVs after the onset of 
the mass transfer is sensitive to orbital angular momentum loss mechanisms 
too as in the post CE phase of the evolution. It has been proposed two main 
mechanisms: magnetic braking and gravitational radiation. For CVs with or- 
bital periods (P) above the period gap, the secondary star is partially con- 
vective and, thus, it has a magnetic field. It has been proposed that the 
magnetic field in the secondary star causes orbital angular momentum loss 



by magnetic braking (jVerbunt fc Zwaanl . Il98ll ; iRappaport et all 1 19821 . 11983 
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Paczynski fc Sienkiewica . Il983l ; ISpruit fc Ritterl . Il983l ; iKingj . Il988l ) until the 
orbital period decreases to about 3 h at which the secondary star becomes fully 
convective and magnetic braking ceases. Consequently, the secondary star re- 
laxes to its thermal equilibrium and shrinks inside its Roche lobe. At this 
point, the mass transfer shuts off completely and the gravitation al radiation 
becom es dominant mechanism for the angular momentum loss (jPaczynskil . 
19671 ). Since the mass transfer ceased, the system cannot be observed as a 
cataclysmic variable and it evolves towards shorter orbital periods through 
emission of gravitational radiation. At the orbital period of about 2 h, the 
secondary star starts to fill its Roche lobe again and re-starts the mass trans- 
fer at a much lower rate than in the mode of long-period CVs. When the 
orbital period decreases to the observed minimum of about 80 min, the sec- 
ondary star becomes a degenerate (brown-dwarf lik e) object and, thu s, further 
mass transfer causes the orbital period to increase (jPattersonl . Il998l ) . creating 
systems called period bou ncers. For a co mprehensive review of the formation 
and evolution of CVs, see iRitter I (120081 ). 



Though the above model successfully explains the period gap, i.e. drop in 
the number of known CVs in between orbital periods in the range about 
2 < P(h) < 3, some predictions of it are contradictory with observations. 
Since CVs should spend most of their lifetime near the period minimum, a sig- 
nificant accumulation of CVs near the period minimum is ex pected. Although 
such an accumulation has not been observed for many years (IKolb fc Baraffe , 
1999 ), there is now a claimed discovery of a spike at the period minimum 
( Southworth et al. L 2008^Gansicke et al. . 20091) . According to population syn 



thesis ride Kooj Il992l : Ide Kool fc Ritteri. Il993l: iKolbl. [i~ 993; 



Kolb fc Baraffe! . Il999l ; iHowell et all . 119971 : King fc Schenker 



PolitanoJ, [1996 



2002|), the vast 



majority of CV population should have orbital periods shorter than about 
2 h . However, such an accumulatio n has not been seen i n the distribution 
of orbital periods of CVs. Recently, iLittlefair et al.l (120081 ) found seven sys- 
tems with brown dwarf donors and proposed that the missing population of 
post-period minimum CVs has finally been identified, although their masses 
and radii are inconsistent with model predictions. In addition , the predicted 



space de n sity o f CVs is about a few 10 5 to a few 10 4 pc 3 (jde Kooll . 11992 



Politanol . Il996l ). whereas the space density derived from th e observations is 



in agr e ement only with the lower limit of th ese predictions (IPretorius et al. 



2007al : ISchwope et al.l. 120021; lAk et all 120081). Although a number of alterna- 



tive s uggestions (ILivio &: Pringld . 1 1994 iKing fc Kolbl . Il995l ; I Clemens et al. 



19981 ; IKolb et all Il998h a nd some alternative angular momentum loss mech- 



anisms ( Andr onovetal 



20031 : iTaam fc Spruitl . l200ll ; ISchenker et all . 12002 



Willems et all 120051 . 120071 ) has been introduced as possible solutions to these 



problems, none of them could solve the problem with a complete success. 



The observational data sets, which can be used to test the above predictions of 
the standard evolution model of CVs, are strongly biased by the selection ef- 
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fects. Brightness dependent selection effects are the strongest since the known 
CV sample is not approximately mag nitude-limited, even if a limiting mag- 
nitude as bright as V = 13 is adopted ( Pretorius et al. , 2007bl ). Nevertheless, 
kinematical age of a cataclysmic variable, which is a time span since formation 
of component stars, can be used to test the predictions of the model. The age 
of a CV does not affect its mass transfer rate at a given orbital p eriod . Henc e 
the age distribution of CVs is not biased by brightness- select ion (iKolbl . l200ll ). 
Nevertheless, shorter the orbital period, it is harder to measure radial velocity 
variation for determining orbital parameters. 



Kolb fc Stehld (119961 ). who determined the age structure of a modeled pop- 



ulation for galactic CVs by applying standard models for the formation and 
evolution of CVs, predicted that systems above the period gap (P > 3 h) must 
have an average age of 1 Gyr, with most of them being younger than 1.5 Gyr, 
while systems below the gap (P < 2 h) should displa y a wide range of all age s 
above about 1 Gyr, with a mean of 3-4 Gyr (see also lRitter &: Burkertl . Il986l ). 
Using the empirical relation between age t and space velocity dispersion a(t ) 



of field stars in the solar neighbourhood (jWielenl . 119771 ; IWielen et all Il992l ) 



a{t) = k± + k^t 1 ! 2 [k\ and ki are constants), an intrinsic dispersion of the 7 
velocities a 1 ~ 15 km s" 1 for the systems above the peri o d gap , and 0% ~ 30 



km s 1 below the gap were predicted by iKolb fc Stehld (119961 ) . iKolbl (120011 ) 



states that the difference between ages of systems above and below the period 
gap is mainly due to the time spent evol ying from the post- c ommo n envelope 
(post-CE) orbit into contact. However, Ivan Paradijs et al.l (119961 ) (hereafter 
referred to as vPAS96), who collected the observed 7 velocities for a sample 
of CVs from published radial velocity studies and analysed this CV sample 
statistically, could not detect such a difference between the velocity disper- 
sions for the systems above and below the period gap. Using preci se 7 velocity 



measu rements of only four dwarf novae above the period gap, iNorth et al. 



(2002|) sugg est a velocity dispersion of ~8 km s 1 . It should be noted that 



Kolbl (120011 ) also expresses that if magnetic braking does not operate in the 



detached phase, the 7 velocity dispersions of CVs are <r 7 
the period gap versus <r 7 ~ 32 km s -1 below the gap. 



27 km s above 



Aim of this paper is to derive the observed 7 velocity dispersions to test 
predictions. Kinematical age profiles for CVs according to different orbital 
period regimes are investigated in order to understand orbital period evolution 
of CV orbits. In order to do this, we have collected the measured 7 velocities 
of CVs from the published radial velocity studies since the work of vPAS96 
and combined our 7 velocity collection with their sample. 
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Table 1 

The data sample. CV denotes CVs with unknown types, DN dwarf novae, NL nova- 
like stars and N novae. The last column is for references. If there is only one number, 
it refers to colour excess. If there are two numbers, the first one is for colour excess 
and the other for orbital period. First five lines of Table 1 are given here. The table 
can be obtained electronically. 



ID 


Star 


a(J2000) 


<5(J2000) 


I 


b 


E(B - V) 


Type 


P 


Refs 






hh:mm:ss 


dd:mm:ss 


n 


(°) 






(d) 




1 


AR And 


01:45:03.28 


+37:56:32.7 


134 


-23 


0.020 


DN 


0.1630 


1 


2 


DX And 


23:29:46.68 


+43:45:04.1 


108 


-16 


0.200 


DN 


0.4405 


2 


3 


LX And 


02:19:44.10 


+40:27:22.9 


111 


-19 


0.032 


DN 


0.1510 


3;20 


1 


PX And 


00:30:05.81 


+26:17:26.5 


117 


-36 


0.045 


NL 


0.1464 


3 


5 


RX And 


01:04:35.54 


+41:17:57.8 


126 


-21 


0.020 


DN 


0.2099 


1 



11 iBruch fc Engell dl994D 21 iDrew et all J 1991ft . 3 ) lAk et al.l 1120081). 4) ISchmidt fc Stockman! l |200lft , 5) 
Harrison et al 20041 1. 61 IGreiner et all j200ll) . 71 IThorstensen et al] [|2004h. 81 iGreiner et all Il999li . 9) 
Baptista etal] d2000T> . 10 1 lLa Douj lll99lft. Ill IThorstensen! 1119861)7121 iPeters fe Thorstensenl (12003 1. 13 
Waener et al l Jl9Qi 



,, 14) Tovmassian ct al 
Weight et aTTlll994l). 18) IThorstensen et al 

211 iRodrfguez-Gil et ail l2007aft , 22l lWitham et al.l (1200711 , 231 iTovmassian 



200011 15) iMauche et all <1994fl. 161 iFroning et all J2003f). 17 1 
i 2002al) . 19) ISouthworth et all ^20061). 201 ISheets et all l|2007ft . 

Zharikovl (1200711 



2 The data 



Distances (or parallaxes), proper motions and 7 velocities were collected for 
194 CVs which are listed in Table 1. The columns of the table are organized as 
name, equatorial (a, 5) and galactic (/, b) coordinates, colour excess E(B — V), 
type of the CV, and its orbital period. The typ es, equatorial c o ordin ates and 
orbital p eriods of CVs were m ostly taken from Ritter fc Kolb ( 20031 . Edition 
7.7) and lDownes et all fl200lh . 



2. 1 Distances and proper motions 



First precise trigono metric parallaxes of the brightest CVs were obtained from 
Hipparcos Satellite ( iDuerbeckl . Il999l ). Trigonometric parallaxes of some CVs 
later w ere measured by using either Hubble Space Telescope's Fine Guidence 



2004; 



2003 



Thorstensen et al 



Sensor ( McArthur et al. , 19991 . l200ll ; iBeuermann et al.1 . 120031 . |2004; Harrison et al 



Roelofs et al.1. 12007) or the ground-based observations (IThorstensenl . 



2008), as well. However, number of systems with 



distances obtained from the trigonometric parallax method is only about 30. 
Nevertheless, there exist reliable distance prediction techniques for the systems 
whose trigonometric parallaxes do not exist. The dis tances were predi cted us- 
ing the period- luminosity-colours (PLCs) relation of lAk et al.l (I2007al). Using 



2MASS (JHK S ) photometric data, the PLCs relation of lAk et all (12007af ) 
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Table 2 

Star, parallaxes (it), proper motions (n a cos5, /is), systemic velocities (7) and space 
velocity components (U, V, W) for the systems listed in Table 1. In each row, the 
first and second references are for the parallax and the proper motion, respectively. 
The third and further references are for 7 velocity. First five lines of Table 2 are 
given here. The table can be obtained electronically. 



ID 


Star 


7T 


fi a cos5 


MS 


7 


V 


V 


W 


Rcfs 






(mas) 


(mas) 


(mas) 


(kms -1 ) 


(kms -1 ) 


(kms -1 ) 


(kms -1 ) 






1 


AR And 


3.17±0.53 


8.0±1.0 


-8.0±2.0 


-5.0±5.0 


-10.22±3.65 


-15.43±4.20 


-6.20±3.62 


1; 


3;16 


2 


DX And 


1.11±0.16 


-13.8±5.4 


-10.8±5.4 


~1.9±2.3 


47.83±24.42 


13.72±9.93 


-23.04±22.45 


1; 


3;17 


3 


LX And 


3.07±0.32 


-4.1±5.9 


-8.8±5.9 


-48.0±3.0 


34.23±6.63 


-30.49±7.52 


1.80±8.79 


1; 


3;18 


4 


PX And 


1.35±0.24 


-11.0±2.7 


-11.2±2.6 


-27.4±21.4 


42.88±14.42 


-18.3±16.68 


-12.17±15.49 


1; 


3;19, 17 


5 


RX And 


5.56±0.81 


2.1±0.7 


-22.5±1.1 


0.0±8.0 


-1.94±4.37 


-7.10±6.16 


-17.74±4.01 


1; 


S:17 



1) Ak ct al. 12007a), 2) Duorbcck 11999), 3) Thorstcnscn 12003), 4) Harrison ct al. 12004), 5) McArthur ct al. 12001), 6) 
Bouormann ot al. 12003), 7) Bcucrmann ct al. 12004), 8) Zacharias ct al. 12005), 9) Kislyuk ct al. 11999), 10) Klcmola ct al. 
119871 ), 11) lAdelman-McUarthY et al.l 12003), 121 JOirard et alJ 120041) . 13 ) ILuvten fe Hugffel I1965f) . 14) IKharchenkcl 
25m), 15) [Hanson et al.l 120041) , 16) ITaylof & Thorstensenl ha9g). 17) Ivan Paradiis et all 11999), 18) ISheets et all 
200 %, 19) Istill et al.l 11995[)~2 0) lArenaS et alj I2000 [ ), 2 1) IPeters fc Thorsterisenl I200d) 7 22) I Watson et alj 119951 ), 
23) iReinsch & Beiterrnannl U994I), 24) [Welsh, et alj ll99"5T), 25) ICasares et al. | ]1996bl), 26) IGlenn et al.l 119941), 27) 
ISchwope et alJ 119971). 2 8) Watson et all fl2003i), 291 IHoard et aU 1199811. 30) IThorstensen, & Taylor! 119971). 31 ) iBruchl 
(2003), 32) Ncustrocv 12002), 33) Thoroughgood ct al. 12004), 34) Schlcgcl ct al. (1986), 35) Schwarz ct al. (2005), 
36) Itiarlaftis fe Marsh I 119961) , 37) IHuber et al.l 119981), 3 8) IPotter et al.l 12004]). 39) IRodriguez et all 119981) . 40) 
van dcr Hcydcn ct al. 12002), 41) Rodriguez-Gil ct al. 12007b), 42) Taoocrt ct al. 11997), 43) Ringwald ct al. 11996a), 44) 
Sheets & Thorstcnscn 12005), 45) Thorstcnscn & Fcnton 12003), 46) dc Martino ct al. (1995), 47) Arenas & Mcnnickcnt 
119981) , 48) I Nogami et all 119991). 49) IThorstensen! 119971). 501 IPatterson et al.l 120041 ) 51) IThorstensen! 120001) . 52) 
Marsh 11999), 53) Moralcs-R ucda ct al. 12003), 54) Thorstcnscn & Fcnton 12002), 55) Thorstcnscn ct al. 12004), 56) 
North ct al. 12002), 57) North ct al. 12000), 58) Kafka ct al. (2003), 59) Harvey ct al. 11995), 60) Thorstcnscn & Taylor 
1201 



(2001), 61) Fiedler et al. 11997), 62) Unda-Sanzana ct al. (2006), 63) Naylor ct al. 12005), 64) Echcvarria ct al. 12007), 65) 
Vandc ct al. 12003), 66) Watson ct al. 12003), 67) Vaytct ct al. (2007), 08) Thorstcnscn & Taylor 12000), 69) Casarcs 

71) lMickaelian et al.l 120021^ 



Ringwald ct al. 12005) 



et al.l 

Peters &: Thorstcnscn 



. ._, Mickaclian ct al. 12002), 72) Belle ct al. 12005), 73) 
200 5 1 ), 74) IStill et al.l 119941) , 7 5) IRamsav & Wheatlevl il998l), 76) ISzkodv et al.l 12003), 77) ISzkodv et al.l 120001 ), 
78) Shahbaz & Wood 11996), 79) Mukai & Charles 11987), 80) Wagner ct al. 11998), 81) Hoard & Szkody 11997), 82) 
Ringwald et all U996bl) , 83) IHoard & Bzkodvl 11999). 84) IThorstensen etTfl I1998|), 8 5) Skillman jrt al.l 11993). 86) 
(2000), 87) Ringwald ct al. 11994), 88) Thorstcnscn ct al. 11997), 89) Staudc ct al. 12001), 90) Ringwald 
Wolf ct al. 11998), 92) Smak 12002), 93) Marsh 11988), 94) Tovmassian ct al. 12000), 95) Thorstcnscn ct al. 
Bianchini ct al. (2001), 97) Howell ct al. 12006), 98) Thoroughgood ct al. (2005), 99) Still ct al. 11998), 100) 
Augusteiin fc Wlsotzkil 11997]), 101) [ Matsumoto ct al.l 12000]), 102TlMason et alj I200j). 1031 | Liebert et alTll982|) . 104) 
Schwope et al.l I199lir 1 05) Idchwope et all 119931) . 1 06) IPatterson et alJ 12003 ). 107) | Thorstensen et al.l <2002al). 108) 



Hoard ct al 



Groot et alj 120011)7109) | Skidmore et all 12000)7 1101 ISteeghs ct al. 12001), ill) Hartley ct al. H2005I ), 112 ) IRosen et al. | 
1996 1). 113) ISchwarz et al.l 119981 ), 114) iBonnct-Bida ud et alj 11999). 115) [N custrocv ct al. 12006), 116) Dhillo n"eT^Ll 
19941), 117) IRolfe et alj I2002al ) , 118) IRolfe et alj I2002bl) , 11 9) IWu et alj I200lj), 120) [Tappert et alj I200ll) . 121) 
Mennick cnt & Diaz 11996) , 122) IMenniekent et aLlll999l) , 123) | Schwope et alj I2000T) . 124 ) IMukai et alj 11989). 125 ) 
126) Rodrfgucz-Gil ct al. 



Catalan et al. (1999), 126) Rodriguez-Gil et al. 12007a), 127) Aungwcrojwit ct al. 12005 
129) Tovmassian & Zharikov 12007), 130) Rodriguez-Gil et al. 12005), 131) Witham ct a 
133) Szkody ct al. 12004), 134) Southworth et al. 12006), 135) Zharikov et al. 12006), 136) Szkody ct al. (2002) 



for CVs is reliable and valid in the ranges 0.032 < P(d) < 0.454, -0.08 < 
(J-H) < 1.54, -0.03 < (H-K s ) < 0.56 and 2.0 < Mj < 11.7 mag, which 
are well covering the present data of this study . For a detaile d description of 
the method by the PLCs relation, see lAk et al l (l2007al . l200Sf ). 



T he proper motions of C Vs were mostly taken from the NOMAD Catalogue 
of IZacharias et al.l (120051 ) . Distribution of parallax errors and proper motion 
errors of the present CV sample are shown in Fig. la-b, respectively. The me- 
dian value and standard deviation of relative parallax errors are 0.16 and 0.08, 
respectively. The median value and standard deviation of proper motion errors 
are calculated 5.51 and 3.25 mas, respectively. Parallaxes and proper motion 
components are listed in Table 2 together with observational uncertainties. 
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Fig. 1. Distribution of parallax errors (a), proper motion errors (b) and 7 velocity 
errors (c) of the present CV sample. 



2.2 Radial velocities 



Next necessary observational parameter to compute a space velocity of a star 
is its radial velocity with respect to Sun which comes from measurements 
of Doppler shifts of spectral lines. However, since CVs are binary stars their 
systemic velocities (7) are used. vPAS96 have collected systemic velocities 
of CVs from literature covering times up to the year 1994. For this study, 
systemic velocities of CVs published in the literature up to the middle of 2007 
were collected in a similar style. It has been a convention to use V r ((f>) = 
7 + Ki,2 sin to predict systemic velocity of a CV from the measured radial 
velocities since orbits of CVs are circular, where (f> is the orbital phase, Ki >2 
are semi-amplitudes of radial velocity variation and 1 and 2 represent primary 
and secondary, respectively. 7 is the center of mass radial velocity of a CV, 
which is usually found by non-linear least-square fit of the function to observed 
radial velocities. 

The criteria defined by vPAS96 are adopted when collecting 7 velocities. Thus, 
if there are more than one determination of 7 for a CV, the mean of existing 
7 values is taken. A new mean value is computed similarly if there is new 7 
velocity measurement which is not in vPAS96. Sometimes, more than one 7 
value obtained with different methods are encountered, then the value rec- 
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ommended by the author was adopted. The velocity measurements obtained 
during superoutbursts of SU UMa type dwarf novae have not been used since 
very large variations in 7 velocities have been observed during superoutbursts. 



In the sample, 7 velocities of 59 systems (32 dwarf novae, 25 nova like stars, 
1 nova and 1 CV with unknown type) are from the absorption lines (jabs)- 
Consequently, they are preferably used. However, it is well known that radial 
velocities derived from emission lines are likely affected by the motion in the 
accretion disc or the matter stream falling on the disc from the secondary. 
Thus, the measurements of 7 velo city obtained from emission lines (7 em ) may 



be unreliable (INorth et all 120021 ) . Radial velocities from the absorption lines 



of secondaries represent the system best. It should be noted that these very 
weak absorption lines are usually not observable in all CVs. They are most 
often visible i n spe ctra of systems with orbital periods above the period gap 



flNorth et all 120021 ) . 



For this study, we too look for possible systematic errors in the 7 em values and 
to provide information on the systematic and statistical accuracy of the 7 em 
values. In our data sample there are 47 systems (28 dwarf novae, 18 nova like 
stars and 1 nova) with both the 7 em and jabs values, from which we find an 
average difference < 7 em — 7 a b s >= +0.57 ± 14.3 km s -1 , where the error is 
the standard deviation of the distribution of individual differences. This is a 
result which is in agreement with vPAS96 who calculated an average difference 
< 7em — labs >= +2.5 ± 13.8 km s _1 using only 10 systems and concluded 
that there is no substantial systematic difference between systemic velocities 
derived from emission and absorption lines. Thus we too could conclude that 
the observed 7 velocities may allow a meaningful statistical analysis. Error 
histogram of 7 velocities is shown in Fig. lc. The median value and standard 
deviation of 7 velocity errors are 5.6 and 6.3 km s _1 , respectively. 7 velocities 
and associated uncertainties are listed in Table 2 together with distances and 
proper motion components. 



2.3 Galactic space velocities 



Space velocities with respe ct to Sun were computed usin g the algorithms and 
transformation matrices of Johnson fc Soderblom fll987f ). The input data (ce- 
lestial coordinates (a, 6), proper motion components (yU Q cos(<5), systemic 
velocity 7 and the parallax tt) are in the form adopted for the epoch of J2000 
as described in the International Celestial Reference System (ICRS) of the 
Hipparcos and the Tycho Catalogues. Although sampled CVs are generally 
no t distant objects, correct ions for differential galactic rotation as described 
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Mihalas fc Binneyl (I198ll ) were applied to the space velocities. 
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Fig. 2. Distribution of the space velocity components of CVs on the U — V (a) and 
W — V (b) planes. CV denotes CVs with unknown types, DN dwarf novae, N novae 
and NL nova-like stars. 



The transformation matrices of iJohnson fc Soderbloml (119871 ) use the notation 
of the right handed system. Therefore, the U, V, W are the components of 
a velocity vector of a star with respect to the Sun, where the U is directed 
toward the Galactic Center (I = 0°, b = 0°); the V is in the direction of the 
galactic rotation (I = 90°, b = 0°); and the W is towards the North Galactic 
Pole (6 = 90°). 



The computed and corrected (galactic differential rotation) space velocity 
components are displayed in Fig. 2. Reliability of space velocities to indicate 
kinematical ages, the dispersion must be larger than the propagated errors. 
Therefore, the uncertainties of the space velocity components were also com- 
puted by propagating the uncertainties of the input data (proper motions, 
parall ax and radial velocity) with an algorithm also by Johnson fc Soderbloml 
( 119871 ) . The uncertainties of the space velocities (S^ rr = U^ rr + V^ rr + W^ rr ) 
were calculated, as well. Fig. 3 displays the histograms of the propagated un- 
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Fig. 3. Error histograms for space velocity vectors (a) and space velocity components 
(b-d) of CVs. The arrow indicates preferred S err limit. 

certainties of space velocities (Serr), and their components (U err ,V err ,W err ). 
Apparently, very large uncertainties, which are bigger than S err > 30 km s _1 , 
exist not only for space velocity vectors but also among the components. A 
trial test showed us that removing some CVs with the largest space velocity 
errors reduces the dispersions of the space velocity as well as dispersion of 
its components (U, V, W). Thus, we have decided to refine the sample by 
removing all CVs with S err > 30 km s _1 , which is the limit found by trial 
and error that shifting the S err limit further to a smaller value does not affect 
the space velocity dispersions. Thus, we have left 159 systems in the refined 
sample. 

The S err limit and refined sample are indicated in Fig. 3 where the unshaded 
areas are the error distribution of the whole sample, and the shaded areas 
are the error distribution of the refined sample. The median values of the 
errors for the refined sample are U err = 7.7, V err = 7.5 and W err — 7.0 km 
s _1 while error distributions have standard deviations ±4.8, ±4.4 and ±4.4 
km s _1 , respectively for the U, V and W components of the space velocity 
vectors. Such mean errors being smaller than dispersions on U — V and W — V 
diagrams (Fig. 2) indicate that the computed space velocity components have 
sufficient accuracy. 

Further test of reliability is demonstrated in Fig. 4a-b that some systems as 



10 



150 r 



100 - 



CTSeiT 2E 



50 



s 



<!> 



HyaJ 



-50 



-100 - 



V1223 Sgr 



100 - 

50 - J0813+4528 
YZ Cnc 



s 

3 







V442 Oph 



-<>- 



" V1504Cvgw 
^ " " ^EltJMa, 



-50 - ^ CT Se 

BZ Cam 



-100 - 



-150 1 



(a) 



VV Pup 



CM Del 
i — i 

RU Peg 



1 LU Cam 
^ IY UMa ^ 

TAK Cnc T 



(b) 



^O^IYUMa 



,10809+3814 



V392 Hva 

CM Del VV Pup 

LU Cam 



o : Biggest errors _ 
X: Most dispersed - 



" i : Most distant 



-150 -100 -50 50 100 
V (km s 1 ) 



150 



Fig. 4. The most distant five systems (stars), five systems with the biggest errors of 
space velocity vectors (diamonds), and five systems which are the most dispersed 
(times) on the U — V and W — V planes. The position of LSR is marked by a 
big-outlined plus symbol. 



1) the most distant five systems, 2) five systems with the biggest errors of 
space velocity vectors, and 3) five systems which are the most dispersed on 
the U — V and W — V planes. The position for the local standard of rest 
(LS R) is known by sub t ractin g the Sun's velocity (U, V, W) & = (9, 12, 7) km 
s _1 (jMihalas fc Binneyl . Il98ll ) from the frame of (U, V, W) space velocities 
with respect to the Sun, and it is shown by a big outlined plus sign in Fig. 
4a-b. One can see that the errors of the systems in the figure are not bigger 
than ±26 km s _1 in both planes. Systems with biggest errors are not most 
dispersive ones. They are near the middle of the U — V and W — V planes. Fig. 
4 indicates that dispersion in the velocity planes are unlikely to be affected by 
the velocity errors. Thus, the space velocities and the space velocity dispersions 
for the refined sample are reliable. 
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2.4 Space distributions 



Before interpreting space velocity dispersions, it is useful to investigate the 
space distribution of the sample in the solar neighbourhood. In order to inspect 
the spatial distribution of the refined sample, the Sun centered rectangular 
galactic coordinates (X towards Galactic Centre, Y galactic rotation, Z North 
Galactic Pole) were computed. The projected positions on the galactic plane 
(X, Y plane) and on the plane perpendicular to it (X, Z plane) are displayed 
in Fig. 5. Median distance of the whole sample is almost 300 pc which is 
well within the galactic disc in the solar neighbourhood. Fig. 5 shows that 
different sub-groups of CVs in the sample share almost the sam e space in 
the solar neighbourhood. It should be noted that lAk et al.l (120081 ) studied a 
CV sample of 459 systems including the present refined sample and found a 
median distance of 377 pc. A comparison shows that the refin ed sample of this 
study occupies nearly the same space of the sample used by lAk et al.l (120081 ) 
despite the number of stars is three times less. 



2.5 Population analysis 



Population analysis was also needed in this study when investigating kinemat- 
ical ages of some sub-groups. There are essentially two ways to find popula- 
tion types (thin and thick discs or halo) of solar neighbourhood field stars; 
the pure kinematical approach , or by looking at a combination of kinematics, 



metallicities, and stell ar ages dBensbv et al.l . 120031 ). Here, we adopt the pure 
kinematical approach. iBensby et al. (120031 ) suggested a method to minimize 
the contamination of thick-disc stars with thin-disc stars. Their method is 
based on the assumption that the galactic space velocities of the stellar pop- 
ulations with respect to the LSR in the thin disc, the thick disc and the halo 
have Gaussian distributions, 



f(U, V,W)=k. exp - 



TJ 2 

U LSR 



{Vlsr ~ V 



asym J 



Wl SR ' 

2(T W L SR, 



where 
k 



{2ir) 3 / 2 a ULSR a VLSR o- WhSR 



(2) 



L -R ' a V LS R aI1 d 0- WlS R 



are the characteristic ve- 
1 for thin disc (D); 67, 38 and 35 km 



normalizes the expression. o~u 
locity dispersions: 35, 20 and 16 km s 
s~ l for thick disc (T P); 160, 90 and 90 km s _1 for halo (if), respectively 
20031 ). Vasym is the asymmetric drift: -15, -46 and -220 km s _1 



(IBensby et al 
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Fig. 5. The spatial distribution of CVs with respect to the Sun. X, Y and Z are 
heliocentric galactic coordinates directed towards the Galactic Centre, galactic ro- 
tation and the North Galactic Pole, respectively. Denotes are as in Fig. 3. 



for thin disc, thick disc and halo, respectively. Ulsr, Vlsr an d Wlsr 

are galac- 
tic space velocities with respect to the LSR. Space velocity components with 
respect to LSR are obtained by adding space velocities of CVs to t he sp ace ve- 
locity of Sun ((U, V, W) Q = (9, 12, 7) km s" 1 , iMihalas k Binnevl jl98lh ) with 
respect to LSR. 



In order to find the probability of a star belonging to a population, the prob- 
abilities from Eq. (1) has to be multiplied by the observed fractions (X) of 
each population in the solar neighbourhood. Observed fractions of thin-disc, 
thick-disc and halo stars in the solar neighbo urhood are adopted Xp = 0.94 , 



X' 



TIL 



0.06 and Xh = 0.0015, respectively (IRobin et all 1 19961 ; iBuser et al.l 



19991 ) . Then, two relative probabilities for the thick disc to thin disc (TD/D) 
and thick disc to halo (TD/H) membership for each star are estimated as 
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following 
TD/D 



Xtd Itd 



Xd ' /, 



TD/H 



D 



Xtd Itd 
Xh Jh 



(3) 



Stars are selected as from four different TD/D intervals: TD/D < 0.1 (i.e. 
"high probability thin-disc stars"); 0.1 < TD/D < 1 (i.e. "low probability 
thin-disc stars"); 1 < TD/D < 10 (i.e. "low probabilit y thick-disc stars" ) and 



TD/D > 10 (i.e. "high probability thick-disc stars") flBensbv et all 120051 ) 



Vlsr ~ log(TD/D) and Toomre diagrams of CVs in the refined sample are 
shown in Fig. 6. Horizontal lines divide the Vlsr ~ ^°g(TD/D) diagram into 
four regions from bottom to the top; high probability thin-disc stars, low 
probability thin disc-stars, low probability thick-disc stars and high probabil- 
ity thick-disc stars. In the Toomre diagram of CVs, dashed circles delineate 
constant peculiar galactic space velocities p + W^go) 1 / 2 in steps of 50 



km s 1 . According to the criteria given by iBensby et al.l (120051 ). 131 systems 



83%) in the present refined CV sample are high probability thin-disc stars, 
18 systems (~ 11%) low probability thin-disc stars, 5 systems (~ 3%) low 
probability thick-disc stars and 5 systems (~ 3%) high probability thick-disc 
stars. Thus, it can be concluded that the CVs in this study mostly belong to 
the thin disc population. 



2.6 Velocity dispersions and kinematical ages 



Kinematical ages of CV sampl es were calc ulated from their velocity dispersions 
by the well known relation of ICoxl (120001 ) 



a u,r=o + -^ v b 2 T & 




(4) 



where, a UjT . 

km s _1 (ICoxl . 120001 ). ay is a parameter describing the rotation curve 



q is the velocity dispersion at zero age, which is usually taken as 10 

2.95), 



T$ is a time scale (5 x 10 9 yr), 62 is a diffusion coefficient (3.7 x 10~ 6 (km s -1 ) 3 
yr). ov(r) is the total velocity dispersion of the group of CVs (sample), r is the 
kinematical age of the group, which is to be computed. The total dispersion 
of space velocity vectors (cr u ) is connected to the dispersion of the velocity 
components as 



a. 



a 



Ulsr 



0~x 



(5) 



After computing a 2 from the dispersions of velocity components, it is used in 
Eq. (4) for computing r. 
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Fig. 6. Lower panel: Vlsr — log(T_D/D) diagram of CVs. Filled and empty circles 
denote high and low probability thin-disc stars, while empty and filled triangles 
denote low and high probability thick-disc stars, respectively. Upper panel: Toomre 
diagram of the same CV sample. 



For an isotropic distribut i on th e 7 velocity dispersion is denned (IWielen et al. 



19921 ; Ivan Paradiis et all I1996T ) 

o 1 o 



3** 



(6) 



The 7 velocity dispersions are computed for a direct compari son to its the- 
oretic al pr edictions acc ording to standard evolution model by iKolb &: Stehle 
( 119961 ) and iKolbl (120011 ). and listed in Table 3 for several sub-groups of CVs. 
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Table 3 

Mean space velocities, space velocity dispersions, kinematical ages and 7 velocity dispersions (ct 7 ) of CVs. TD/D < 0.1 denotes high 
probability thin disc, 0.1 < TD/D < 1 low probability thin disc and TD/D > 1 low and high probability thick disc. Novadike stars in 
the table do not include magnetic systems (polars and intermediate polars). N is the number of systems. 



Parameter 


N 


< Ulsr > 


< Vlsr > 


< Wlsr > 




" L S R 






A ere 








(km s^ 1 ) 


(km s _1 ) 


(km s _1 ) 


(km s _1 ) 


(km s~ ^) 


(km s _1 ) 


(km s~ ) 


(Gyr) 


(km s ) 


All sample 


159 


+0.07±2.93 


— 0.48±2.19 


+1.53±1.80 


36.86±4.78 


27.48±4.45 


22.69±3.65 


51.27±7.48 


4.84±1.37 


30±4 


Dwarf novae 


87 


+0.41±3.81 


— 2.36±2.52 


+1.59±2.35 


35.31±4.82 


23.46±4.42 


21.84±4.43 


47. 69±7. 90 


4.19±1.44 


28±5 


Nova-like stars 


38 


+1.67±5.20 


-1.63±4.72 


+0.97±4.07 


31.67±3.86 


28.74±4.65 


24.79±4.36 


49.43±7.45 


4.51±1.36 


29±4 


Novae 


5 


+10.49±14.59 


-13.16±5.81 


-7.64±5.87 


31.00±3.23 


17.56±3.38 


14.01±2.13 


38.28±5.14 


2.57±0.86 


22±3 


Magnetic systems 


25 


-3.82±9.97 


+9.19±7.78 


+1.87±4.71 


49.01±5.78 


39.20±4.05 


23.15±4.52 


66.89±8.38 


7.68±1.44 


39±5 


Non-magnetic systems 134 


+0.80±2.96 


-2.29±2.13 


+1.46±1.96 


34.11±4.57 


24.68±4.53 


22.61±4.41 


47.79±7.80 


4.21±1.42 


28±5 


TD/D < 0.1 


131 


+2.97±2.49 


-2.37±1.81 


+1.34±1.46 


28.60±4.68 


20.76±4.48 


16.65±4.39 


39.07±7.83 


2.70±1.35 


23±5 


0.1 < TD/D < 1 


18 


-13.59±12.09 


-11.41±8.43 


+0.24±8.66 


51.67±5.64 


36.57±3.91 


35.69±4.73 


72.67±8.33 


8.68±1.38 


42±5 


TD/D > 1 


10 


-13.34±25.60 


+43.88±15.00 


+6.24±15.73 


77.95±4.30 


62.85±4.87 


47.59±4.71 


110.87±8.02 


14.35±0.99 


64±5 


P{h) < 2.62 


62 


+0.46±4.82 


+1.38±3.89 


+8.29±3.16 


37.64±5.10 


30.45±4.41 


26.02±4.53 


54.96±8.12 


5.52±1.48 


32±5 


P(h) > 2.62 


97 


-0.18±3.71 


-1.67±2.59 


-2.80±2.05 


36.35±4.50 


25.40±4.42 


20.28±4.22 


48.76±7.59 


4.39±1.39 


28±4 


1.20 < P(h) < 1.83 


40 


-6.10±5.98 


-0.78±4.84 


+5.30±3.75 


37.83±5.50 


30.23±5.10 


23.98±4.65 


54.04±8.83 


5.35±1.61 


31±5 


1.83 < P{h) < 3.35 


39 


+5.39±5.30 


+3.45±4.51 


+4.82±3.84 


32.85±4.34 


27.99±4.12 


24.18±4.61 


49.47±7.55 


4.51±1.38 


29±4 


3.35 < P(h) < 4.50 


39 


-2.01±6.55 


-1.12±4.66 


-3.67±3.70 


40.41±4.47 


28.72±4.15 


23.07±3.89 


54.68±7.23 


5.47±1.32 


32±4 


4.50 < P(h) < 11.00 


39 


+1.95±5.90 


-4.39±3.56 


-1.83±2.99 


36.44±4.69 


22.40±4.51 


18.54±4.23 


46.62±7.76 


4.00±1.41 


27±4 



Table 4 

Mean space velocities, space velocity dispersions, kinematical ages and 7 velocity dispersions (<r 7 ) of non-magnetic systems according to 
the orbital peri od ranges. N is the number of CVs. 



Parameter 


N 


< U LS r > 


< Vlsr > 


< W LSR > 


a U LS R 


a v LSR 


a w LSR 


Ov 


Age 








(km s _1 ) 


(km s _1 ) 


(km s -1 ) 


(km s -1 ) 


(km s -1 ) 


(km s _1 ) 


(km s _1 ) 


(Gyr) 


(km s — 1 ) 


P(h) < 2.62 


53 


-2.47±4.98 


-2.25±3.73 


+8.10±3.50 


35.97±5.22 


26.99±4.33 


26.49±4.45 


52.19±8.11 


5.01±1.48 


30±5 


P(h) > 2.62 


81 


+2.94±3.66 


-2.31±2.56 


-2.89±2.17 


32.84±4.06 


23.04±4.59 


19.65±4.22 


44.67±7.44 


3.65±1.34 


26±4 


1.06 < P(h) < 1.80 


34 


-6.60±5.81 


-3.23±4.61 


+6.88±4.22 34.04±4.36 


26.68±4.72 


25.21±4.79 


50.06±8.01 


4.62±1.47 


29±5 


1.80 < P(h) < 3.35 


33 


+2.19±6.06 


+0.38±4.70 


+3.41±4.20 


34.35±5.23 


26.57±4.46 


24.01±4.43 


49.62±8.18 


4.54±1.50 


29±5 


3.35 < P(h) < 4.60 


33 


+0.90±6.23 


-3.65±4.33 


-2.33±3.66 


35.23±3.78 


24.76±4.38 


20.84±4.01 


47.84±7.04 


4.22±1.29 


28±4 


4.60 < P(h) < 11.00 33 +6.17±5.73 


-2.68±3.60 


-3.41±3.32 


33.01±4.42 


20.52±4.61 


19.09±4.14 


43.30±7.61 


3.41±1.36 


25±4 



3 Discussions 



Except four systems (V392 Hya, CT Ser, EI UMa and J0813+4528) all of the 
refined sample are contained within 500 pc from the galactic plane. Thus, all 
of the CVs in the refined sample could be considered within the galactic disc 
(Fig. 5). Concentration towards the Sun and sparseness outwards indicate that 
space distribution of present data is highly affected by selection with respect 
to brightness. 

Various sub-groups of the refined sample have been formed to investigate if 
there are kinematically homogeneous sub-systems. All sample and outstand- 
ing sub-groups have been summarized together with their mean space velocity 
components, velocity dispersions of the components, total dispersion and cor- 
responding kinematical age of the group according to Eq. (4) in Tables 3 and 
4. The velocity dispersions in Table 3 (<Tu LSR = 36.86 km s _1 , o~y LSR = 27.48 
km s -1 , <Jw L sR = 22.69 km s" 1 ) indicate that the present refined sample has 
a mean kinematical age of 4.84±1.37 Gyr. Considering the total dispersion 
(<Tj,=51.27 km s _1 ) for the refined sample as a whole, its empirical 7 velocity 
dispersion is o 1 = 30 ± 4 km s _1 according to Eq. (6). 



3. 1 Kinematics of CV types 



Kinematical properties of standard sub-groups; dwarf novae (DN), nova-like 
systems (NL) and novae were investigated first. Those sub-groups were shown 
with different symbols on the U — V and W — V diagrams in Fig. 2. Their 
kinematics were summarized in Table 3. There is no clear distinction between 
the distributions of first two sub-groups on the velocity space. Mean space 
velocities and velocity dispersions of dwarf novae and nova-like stars appear 
similar with slightly older kinematical age of nova-like stars. Although their 
number is statisticall y insignifi c ant, n ovae appear to be the youngest (2.57 ± 
0.86 Gyr). Note that lAk et al.l (120081 ) found novae in their sample as located 
almost on the galactic plane, suggesting that they are young systems. 



Comparisons of U — V diagrams of dwarf novae, nova-like stars and no- 
vae are shown in Fig. 7. It should be noted that magnetic systems (polars 
and intermediate polars) are removed from the sample since the evolution 
of magnetic systems can be di f ferent than the evolution of non-magnetic CVs 



(IWu fc Wickramasinghd . Il993l ; IWebbink fc Wickramasinghd . 120021 ; ISchwarz et al. 



2007h . Central concentration of considerable amount of dwarf novae towards 
LSR makes them appear slightly younger while a central concentration in the 
U — V diagram of nova-like stars is not observed. 



Magnetic and non-magnetic systems display different kinematical properties 
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Fig. 7. J7 — V diagrams of CVs for sub- types. DN denotes dwarf novae (a), NL 
nova- like stars (b) and N novae (c). Magnetic systems are not included in the sample. 
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Fig. 8. U — V diagrams of magnetic (a) and non-magnetic CVs (b). 

(Table 3). Although the number of magnetic systems is small (N = 25) which 
is near the limit of statistical significance, they appear almost twice older than 
non-magnetic systems. Concentration towards LSR which makes the disper- 
sion smaller for non-magnetic systems is clear in Fig. 8b. However, 7 velocities 
derived for magnetic CVs may be significantly contaminated by the flow ve- 
locities of the magnetically channelled plasma. Thus, their 7 velocities may 
not be reliable. Consequently, kinematically older appearance may not be the 
truth. 



3.2 Groups according to population analysis 



Since population analysis is directly related to kinematical properties of stars, 
the distribution of the groups according to the population analysis on the 
U — V diagram show very distinct properties (see Fig. 9 and Table 3). It is 
inconsistent to assign a kinematical age to these groups, because formation of 
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Fig. 9. U — V diagrams of CV populations. TD/D < 0.1 shows high probability 
thin-disc stars (a), while 0.1 < TD/D < 1 shows low probability thin-disc stars (b), 
and TD/D > 1 represents both low and high probability thick-disc stars (c). 

groups is already according to their kinematics. 



Among the 131 high probability thin-disc (TD/D < 0.1) CVs, the most are 
dwarf novae, with 33 SU UMa type stars, 21 U Gem type stars, 12 Z Cam 
type stars and nine unknown type dwarf novae. All Z Cam type dwarf novae 
are found among the high probability thin-disc stars. Among high probability 
thin-disc CVs, four are novae and three are unknown type. Number of nova- 
like stars in high probability thin-disc CVs is 49, with one AC Cnc type star, 
eight polars, nine intermediate polars, 16 UX UMa type stars, five VY Scl 
type stars and one unknown type nova-like star. Although magnetic systems 
appear to be old in Fig. 8, 17 of them are contained in high probability thin 
disc group in Fig. 9 which indicates youth. 

Among the low probability thin-disc (0.1 < TD/D < 1) CVs, the 10 of them 
are dwarf novae (four SU UMa type stars, four U Gem type stars and two 
unknown type dwarf novae), six of them are nova-like stars (one polar, two 
intermediate polars, two UX UMa type stars and one unknown type nova-like 
star), one is nova and one is unknown type. 

Nova-like stars comprise the majority of low and high probability thick-disc 
stars (TD/D > 1). Among 10, eight of them are nova-like stars, with four 
polars, one intermediate polar, one VY Scl star and two unknown type. Only 
two of 10 are dwarf novae. 



In this study we find that almost all of CVs in the refined sample could 
be considered within the galactic disc (Fig. 5). Although there are relatively 
a few thick-disc and halo stars in solar neighbourhood, thick-disc and halo 
stars are d ominant in ^-distance intervals 1.5 < z < 5, and z > 5 kpc, re- 



spect ively (IKaraali et all . 12004 iBilir et all . 120061 : lAk et all . l2007bl : iBilir et al. 



20081 ). Here, z denotes vertical distance from the galactic plane. Thus, thick- 
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Fig. 10. Orbital period distribution of CVs in the refined sample. 

disc and halo CVs must be the most distant systems. They can be detected 
by using the deep photometric systems, e.g. SDSS, IPHAS, etc. 



3. 3 Groups according to orbital periods 



Since the orbital period of a CV is directly related to the mean mass density 
of the secondary star, which is supposed to be an age related quantity, investi- 
gating kinematical properties according to orbital period ranges could be the 
most meaningful. Moreover, orbital period evolution of CV samples has been 
predicted by various authors (see introduction). 

In order to search kinematical differences among the sub-groups of limited 
orbital period ranges, first, distribution of orbital periods must be studied. 
The orbital period distribution of the refined sample is shown in Fig. 10 where 
the orbital period gap is distinctly visible between 2 h and 3 h. Separating 
point of the period gap is found at 2.62 h by fitting Gaussians with two peaks 
to the orbital period distribution in Fig. 10. It should be emphasized that this 
approach is just one way to define the middle of the gap. 

The U — V diagrams of the sub-groups of P(h) < 2.62 and P(h) > 2.62 are 
shown in Fig. 11 and their kinematics are given in Table 3. Table 3 indicate 
that systems below the period gap (P(h) < 2.62) are kinematically older 
than systems above the gap (P(h) > 2.62) as predicted by standard model. 
However, a comparison between the two distributions indicates U — V diagram 
and other kinematical quantities are almost the same for these sub-groups. 
Similarity is indicated by that both groups have central concentrations (low 
dispersion stars) as well as high velocity stars. If one considers kinematical 
ages are the same within the error limits, it can be concluded that the result 
would be in agreement with vPAS96. 
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Fig. 11. U — V diagrams of CVs below (a) and above (b) the orbital period gap. 



Another way to investigate different period groups is to divide the sample ac- 
cording to the same number of CVs at different period ranges. Such a grouping 
is made and summarized in the last four lines of Table 3. Table 3 shows that 
there is an excess of the space velocity dispersion in 3.35 < P(h) < 4.50 period 
interval. This is mainly due to magnetic systems (polars and intermediate po- 
lars) whose 7 velocities may not be reliable, as pointed above. Thus, magnetic 
systems are removed from the refined sample, leaving 134 non- magnetic CVs 
in the sample. 



After removing the magnetic systems, the sample analyzed in a similar style. 
When comparing the kinematics of non-magnetic CVs below and above the 
period gap (Table 4 and Fig. 12), it has been found that difference of kinemat- 
ical ages slightly incereased as indicated by dispersions. On the other hand, 
kinematics and U — V diagrams of the four sub-groups without magnetic sys- 
tems are summarized in the last four lines of Table 4. It becomes clear after 
removing magnetic systems from the sample that towards the longer periods 
dispersions become smaller with younger ages. The U — V diagrams of four 
sub-groups of non-magnetic systems are shown in Fig. 13. It should be noted 
that for the systems grouped in Fig. 13 7 velocity is increasingly difficult to 
measure from panel (d) to (a). 



Table 4 shows that the mean kinematical age difference between the non- 
magnetic systems above and below the orbital period gap is about 1.4 Gyr. 
T hus, kinematics of the present sample of CVs roughly confirm the prediction 
of iKolb fc Stehld (119961 ) who predicted about 2 Gyr age difference between 
the CV groups of below and above the period gap. 
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Fig. 12. U — V diagrams of non-magnetic CVs below (P(h) <2.62) and above 
(P(h) > 2.62) the orbital period gap. 
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Fig. 13. U — V diagrams of non-magnetic CVs in different orbital period ranges. 
3.4 7 velocity dispersion of CVs 



The definition of 7 velocity dispersion in Eq. (6) is based on t he assumption 



that the distribution of space velocity components is isotropic (IWielen et al. 



19921 ; Ivan Paradijs et al.Ul996l ). However, the truth is that it is not isotropic as 
cu LSR is always higher than (Jy LSR and cw LSR (see Table 3 and 4). Nevertheless, 
7 velocity dispersion of a CV sub-group calculated from total space velocity 
dispersion (a v ) as in Eq. (6) is useful for direct comparison of theoretical 
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predictions. 



The discussions of 7 velocity dispersions are based on non-magnetic systems. 
7 velocity dispersion of all non-magnetic systems in the refined sample is es- 
timated cr 7 = 28 ± 5 km s _1 . For a comparison with theoretical predictions, 
7 velocity dispersions of non-magnetic CVs below (P(h) < 2.62) and above 
(P(h) > 2.62) the period gap are calculated ct 7 = 30±5 km s _1 and <r 7 = 26±4 
km s -1 (see Table 4), respectively. Theoretical pre dictions of 7 ve l ocity dis- 
persion are cr 7 ~ 30 km s _1 and a 7 ~ 15 km s _1 (IKolb fc Stehld . Il996l ) for 
below and above the gap, respectively. Although the observational 7 velocity 
dispersion of the systems below the period gap is in agreement with its theo- 
retical prediction given by lKolb fc Stehld (119961 ). the observational 7 velocity 
dispersion of the syst ems a b ove th e gap is not in agreement with its theoretical 
prediction. However, iKolbl (120011 ) suggested that the 7 velocity dispersions of 
CVs are ~ 32 km s _1 below the period gap versus ~ 27 km s _1 above the 
gap, respectively, if magnetic braking does not operate in the detached phase, 
during which the system evolves from the post-CE orbit into contact. It seems 
that our results confirm IKolbl (120011 ). 



It should be noted that cumulative effect of repeated nova explosions with 
possibly asymmetric envelope ejectio n would increa s e the 7 velocity disper- 
sions of CVs during their evolution (IKolb Stehld . Il996l ). In this case, the 
observational 7 velocity dispersions in this study would represent upper limits 
while theoretical values would be underestimated. Thus, difference between 
observational and theoretical values increases. In addition, if nova explosions 
increased the 7 velocity dispersions of CVs during their evolution, kinemati- 
cal ages found in our study would also represent upper limits. However, nova 
explosions can not affect the age and 7 velocity dispersion differences between 
sub-groups of CVs. 



4 Conclusions 



The 7 velocities of CVs are taken from a variety of sources from the literature. 
For all but 59 systems, published 7 velocities are by-products of measure- 
ments of the components' semi-amplitude. In addition, measurements based 
on emission lines remain problematic. As a consequence, systematic errors 
affect specifically the determination of 7 velocity and error values are high. 

After analysing available kinematical data of CVs, it is concluded that there is 
not considerable kinematical difference between dwarf novae and non-magnetic 
nova-like stars. Magnetic and non-magnetic systems display different kine- 
matical properties. However, kinematics based on 7 velocity measurements of 
magnetic systems remain problematic as their 7 velocities may be significantly 
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contaminated by the flow velocities of the magnetically channelled plasma. 



Kinematics of the present sample show that systems above the orbital pediod 
gap are younger than systems below the gap. This result is in agreement with 
the standard theory of the CV evolution. Ki nematics of the prese nt sample 
of CVs also roughly confirm the prediction of IKolb fc Stehld (119961 ) who pre- 
dicted about 2 Gyr age difference between the CV groups of below and above 
the period gap. Smaller age difference found in this study shows a similar- 
ity of the angular moment um loss time scales in systems with low-mass and 
high-mass secondary stars (jKolbl . 1200 ll ). 



Assuming an isotropic distribution, observational 7 veloc i ty dis persions of CVs 
are in agreement with the theoretical predictions of lKolbl (120011 ) who suggested 
that the difference of 7 velocity dispersions of the systems below and above the 
period gap is about 5 km s _1 with systems above the gap having a 7 velocity 
dispersion of ~ 27 km s -1 . This agreement between the observations and the 
theory implies that magnetic braking does not operate in the detached phase. 
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